Correlation Between The Rise Rate And The Amplitude Of The Solar
  Magnetic Cycles by Karak, Bidya Binay & Choudhuri, Arnab Rai
ar
X
iv
:1
10
2.
40
52
v1
  [
as
tro
-p
h.S
R]
  2
0 F
eb
 20
11
Bull. Astr. Soc. India (0000) 00, 000–000
Correlation Between The Rise Rate And The
Amplitude Of The Solar Magnetic Cycles
B. B. Karak, ∗ & A. R. Choudhuri
2018 November 10
Abstract. We discuss one important aspect of Waldmeier effect which says
that the stronger cycles rise rapidly than weaker cycles. We studied four differ-
ent data set of solar activity indices, and find strong linear correlation between
rise rates and amplitudes of solar activity. We study this effect theoretically by
introducing suitable stochastic fluctuations in our regular solar dynamo model.
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It is well known that the stronger cycles take less time to rise their peak values than the
weaker cycles. It is commonly known as Waldmeier effect. However, with “Waldmeier
effect” two different measures are meant by different authors, causing confusion in the
literature. The first is the observation that the rise times of sunspot cycles are anti-
correlated to their strengths (i.e. the stronger cycles have shorter rise times) (WE1). The
second is that the rates of rise of the cycles are correlated to their strengths (i.e. the
stronger cycles rise faster) (WE2). In the next section we present our observational and
theoretical results of WE2. The details of this work can be found in Karak & Choudhuri
(2010, 2011)
We have studied four different data sets: (1) Wolf sunspot numbers (cycles 12–23),
(2) group sunspot numbers (cycles 12–23), (3) sunspot area data (cycles 12–23) and (4)
10.7 cm radio flux (available only for the last 5 cycles). All data sets have been smoothed
by a Gaussian filter with a FWHM of 1 yr. We calculate the rate of rise by determining
the slope between two points at a separation of one year, with the first point one year
after the sunspot minimum. We find strong correlation between the rates of rise and the
amplitudes of the sunspot cycles. Only the results for sunspot number and sunspot area
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Figure 1. (a) Peak sunspot number and (b) sunspot area against rise rates.
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Figure 2. (a) Theoretical sunspot numbers vs. time. (b) Scatter diagram plotting peak sunspot
numbers against rise rates.
are shown in panels (a) and (b) of Fig. 1. Cameron & Schussler (2008) have computed
the rise rate slightly differently and obtained almost similar results. We conclude that
there is a strong evidence of WE2 in different kinds of data sets.
Now we carry out theoretical study based on our flux transport dynamo model (Chat-
terjee et al. 2004) to explain this correlation. We believe that the fluctuations in the
Babcock–Leighton process of poloidal field generation and the fluctuations in the merid-
ional circulation are two main sources of irregularities in solar cycles (Jiang et al. 2007;
Choudhuri & Karak 2009; Karak 2010). Here we show some results in Fig. 2 which is ob-
tained by introducing randomness in the polar field at each minima in the regular model.
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